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Abstract 
This paper presents a continuous glucose monitoring system based on 3G smart phone technologies. By employing 
Bluetooth technology and 3G mobile phone network, this system automatically detects and sends diabetic patients’ 
real-time glucose data to the monitoring center. In addition, when the blood glucose level reaches preset thresholds, 
the system will trigger an alarm and send text messages with the patient’s geographic location to designated phone 
numbers for emergency help. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Harbin University 
of Science and Technology 
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1. Introduction 
Diabetes is chronic disease which is seriously harmful to one’s health. Diabetes patients are at high 
risk for a number of complications. According to the International Diabetes Federation (IDF), as of 2009, 
the number of people with diabetes in China had reached 43.2 millions [1]. Treating and preventing 
diabetes have become impending challenges for health care professionals. 
Medical research indicates that intensive blood-glucose control can decrease the risk of the 
aforementioned complications [2]. In fact, it is difficult to get good control of glucose level for diabetes 
patients. Zhong Yuan, et al. [3] reported that there are only 25.9% of diabetes patients with desired control 
of their blood glucose level in China. The research suggests that the incidence of diabetic complications 
not only relates to high glucose level, also to the fluctuation of glucose: the greater the fluctuation, the 
higher incidence and the worse prognosis. Therefore, it is important to accurately monitor the trends of 
glucose metabolism in the diagnosis and treatment of diabetes. 
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In practice, most diabetic patients are outpatients, and it is difficult for them to continuously monitor 
their real-time glucose levels after leaving the hospital. Some of them may purchase glucose monitors in 
order to facilitate this task. However, the time points of data collection are randomly chosen. Therefore, 
we propose a real-time glucose monitoring system which also employs smart phone and 3G mobile 
networks. With this system, the glucose data will be displayed on a cell phone screen and sent to the 
monitor center via 3G mobile networks. When the glucose level reaches a predefined threshold, the cell 
phone will send emergency text messages to designated receivers and/or make emergency calls. 
2. System Overview 
The system consists of a Bluetooth enabled glucose sensor, a cell phone application, and a monitor 
center as seen in Figure 1 below. 
2.1. Workflow Principle of the System  
(1) The Bluetooth enabled glucose sensor detects the real-time glucose level and sends out the data 
via Bluetooth module. (2) A cell phone that is running the glucose application receives the glucose data, 
displays it on the cell phone screen, saves it to the phone and sends it to the monitor center along with the 
patient identifier and time stamp via 3G mobile networks. (3) Monitor center receives the data and saves 
it to a database. Monitor center may sends commands to mobile devices to gather glucose data or make 
remote configuration. 
3. System Design 
The Continuous Glucose Monitoring System consists of glucose sensor, Bluetooth chipset, smart 
phone and a computer system (including a database system). The schematic of system architecture is 
shown by figure 2. 
3.1. Glucose Sensor 
The Glucose sensor is one of the key parts to the system. Ideally, the glucose sensors should be the 
noninvasive ones because they are more convenience for dinettes patients to use. This type of glucose 
sensors become the hotspot in the field of glucose measurement. However, based on the research of Li 
Gang, et al, none of noninvasive glucose sensors provide enough precision to clinical application [5]. We 
Fig.1. System structure
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therefore need to choose invasive sensors for our system. Normally, a glucose meter consists of a sensor 
and a display screen. Currently, there are two types of glucose meters: non-implantable and implantable. 
With the non-implantable one, the user needs to take a small drop of blood, obtained by pricking the skin 
with a lancet, and then place the blood sample on a disposable test strip that the meter reads and uses to 
calculate the blood glucose level. Obviously, this type of glucose meters cannot be used in a real-time 
glucose monitoring system. The other is implantable sensors, where a sensor is implanted underneath the 
skin and connected to a transmitter, which sends the data to a monitor via RF or wired. It continuously 
checks glucose level in real-time. Since there are currently no Bluetooth enabled sensors on the market, 
we need to create our own by modifying existing models.  After comparing similar products, we chose the 
glucose sensor and transmitter made by Abbott for modification. 
3.2. Bluetooth Chipset 
The data transfer is by Bluetooth technology. It can connect several devices, overcoming problems of 
synchronization. The data transfer rate is 2-3 Mpbs and work frequency is 2.4GHz. Many semiconductor 
manufacturers produce Bluetooth chipsets. The chipset we chosen is CC2540 by Texas Instruments (TI).  
Fig.2. Schematic of system architecture
Fig.3. Block Diagram of Bluetooth Transmitter 
Fig.4. Glucose sensor and transmitter 
attached on human arm 
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Figure 3 is the block diagram of the modified Bluetooth glucose transmitter. We added required 
components to connect the Bluetooth unit with the data acquisition unit. Figure 4 shows the glucose 
sensor and transmitter attached on a man’s arm. 
3.3. Mobile Phone Application 
The main functionality of the real-time glucose monitoring system is to continuously detect and 
transfer glucose data. The 3G mobile network meets the requirement for this system because it is widely 
used in the world. The mobile application for the system was developed on the Android platform, and we 
propose to extent to other mobile platforms, such as Blackberry, iOS, Symbian, and Windows phone 7. 
The mobile application runs in the background and does not affect the normal use of the phone, but it can 
also be brought to the front as needed. Figure 5 shows one of the screenshots of the mobile application. 
The mobile application consists of the following modules: 
(1) Bluetooth Communication module 
Initializes the Bluetooth interface, detects Bluetooth devices in the range, creates connection between 
cell phone and Bluetooth device, and receives/sends data via Bluetooth connection. 
(2) Data display and Storage module 
Displays glucose data on the cell phone screen, saves the data to a local data file in the phone. 
(3) Data Communication module 
The glucose data is transferred to the monitor center via 3G mobile networks. Data sent to monitor 
center includes the patient identifier, phone number, and other required information. This module also 
receives commands sent by the monitor center for remote configuration. 
(4) Text Message module 
For users who do not have a data plan, the mobile application uses this module to send glucose data to 
monitor center via text messages. 
(5) Configuration module 
This module configures the application settings, including sampling period, monitor center IP address, 
glucose alarm thresholds, emergency numbers and others. 
(6) Alarm module 
When the glucose level reaches a predefined threshold, this module sends emergency text messages 
and makes emergency calls.  
Fig.5. Screenshot of the mobile application
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3.4. Monitor Centre System
The monitor centre receives all patients’ glucose data and saves them to a database for diagnosis and 
treatment purposes. It is a part of the electronic health record system.  
(1) Data Gathering 
This module receives glucose data sent by 3G mobile networks and saves to a database. 
(2) Data Display 
This module displays a selected patient’s glucose data in grid or charts formats. 
(3) Remote Configuration 
Enables remotely configure the mobile application via mobile networks and sends commands to cell 
phones to gather glucose data. 
(4) Text Message 
This module receives glucose data via text messages. 
4. Conclusion 
Smart phone and 3G mobile network technologies provide a new approach for diagnosis and 
treatment of diabetes. The system demonstrated in this paper employs cell phone, Bluetooth, and 3G 
mobile technologies to continuously monitor blood glucose data for diabetes patients and transfers the 
real-time glucose data to the monitor centre for better treatments. It can also send emergency messages 
with the patient’s geographic location or make emergency calls when the glucose level reaches a 
threshold.  
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